Abstract-Serious Games (SGs) design couples learning design with game logic. Moreover, it can result in SGs with beneficial effects in sustaining and/or improving the (physical, cognitive) functionality in older adults. In this vein, the design elements in assistive SGs for Parkinson's Disease (PD) patients are explored here. The Game-Based Learning (GBL) design framework is adopted and its main game-design parameters are combined in a test case of Exergames design, drawn from the i-PROGNOSIS Personalized Game Suite (www.i-prognosis.eu). Data from a GBLrelated Web-survey, completed by 104 participants, were subjected to linear regression analysis, so to identify an adapted GBL framework with the most significant game-design parameters, which efficiently predict the transferability of the Exergames beneficial effect to real-life, addressing functional PD symptoms. The findings of the proposed analysis can assist game designers to focus on the use of significant parameters during the designing process of Exergames for PD patients and maximize the positive effect of the SGs in their quality of daily life.
I. INTRODUCTION
Nowadays, the term "Serious Games" (SGs) has become very popular; a simple Google Scholar search on the words "serious games" renders about 49500 hits [07/04/2018]. Despite this popularity, there is no unique definition of SGs and various have been proposed. One of the most prominent is Corti's [1, p. 1], who connotes that the concept of game-based learning/serious games "is all about leveraging the power of computer games to captivate and engage end-users for a specific purpose, such as to develop new knowledge and skills". A thorough search about the essence of SGs can be found in the work of Michael and Chen [2] , who see SGs as games that have potential to re-educate, train and inform end-users. The latter definition allows for the transferability of SGs in many fields, such as education, training, production, science and research. Recently, an increased adoption of SGs in the healthcare interventions sector is noticed [3] [4] [5] and the use of applications and games in healthcare, fitness, rehabilitation, medical education, training interventions is gaining popularity. Furthermore, multiple activity areas for games for health have been proposed, namely for preventive, therapeutic, assessment, educational and informatics purposes.
In the present work, the definition of SGs by Michael and Chen [2] is adopted and assistive SGs for Parkinson's Disease (PD) patients are explored, in terms of functionality of their design elements to maximize the positive impact of SGs on the PD patients. In fact, recent SGs-based approaches targeting the main PD symptoms have been investigated in different fields, namely: a) evidence for exercise-based serious games (ExerGames): gait mechanics [6] , presence of tremor [7] , bradykinesia and limited range of motion [8] , balance and coordination issues [9] , abnormal posture and physical status [10] ; b) evidence for dietary habits-based serious games (DietaryGames): meal mechanics [11] , daily meal distribution [12] , preferred food characteristics [13] , dietary quality [14] ; c) evidence for emotional aspects-based SGs (EmoGames): nonmotor symptoms, psychological issues, depression [15] , and hypomimia [16] ; and d) evidence for handwriting-voice aspectsbased serious games (Handwriting-Voice (H/V) Games): handwriting [17] and voice [18] mechanics. Analytical description can be found in the work of Dias et al. [19] .
The PD-related SGs of the proposed analysis are drawn from the Personalized Game Suite (PGS) of the H2020 i-PROGNOSIS project (www.i-prognosis.eu). The PGS aims to mitigate the PD symptoms in a personalized and gamified environment, involving SGs. Targeting intelligent early detection and intervention in PD area, the PGS design introduces, in a unified platform, the integration of different SGs, i.e.:
ExerGames, DietaryGames, EmoGames, and Handwriting/Voice Games, all related PD symptoms. From this perspective, in the i-PROGNOSIS PGS platform, various modules within a holistic technological environment are designed and are under development towards older adult's physical and emotional status monitoring and support. In this way, it is anticipated that the PD-related risks can be decreased, leading to an increase of PD patients' quality-adjusted life-years (QALYs), as explained below.
A. PGS Design Targeting PD Symptoms
Five key transversal aspects ( Fig. 1 ) within a common framework are followed for each game design within the i-PROGNOSIS PGS concept. In particular 1) Data types and acquisition devices (e.g., depth cameras, touch screens and tablets); 2) Data exchange, storing and analysis (e.g., in-game metrics, frequency of game playing); 3) Safety and feasibility issues (e.g., feedback to avoid injuries); 4) Personalization and socialization issues (e.g., adaptivity to PD patients' performance; group-based playing, for scaffolding collaboration and/or competition among the patients); and 5) Output parameters with reward system (e.g., reward/motivational messages to increase users' engagement in the game). More detailed information (including the design of 14 game-scenarios) can be found in work of [20] .
The needs and requirements of early stage PD patients are taken into consideration in the integration process of different SGs in a unified PGS platform [21] , [22] . The targeted PD motor and non-motor symptoms are connected with the corresponding game (i.e., ExerGames, DietaryGames, EmoGames, and Handwriting/Voice Games). In this vein, a common perspective and interdependence of the different SGs of PGS is followed, as illustrated in Fig. 1 . This common conceptual framework upon which the PGS is designed is based upon the Game-Based Learning (GBL) context, described in the succeeding subsection.
B. PGS Common Conceptual Framework
Despite the long tradition of GBL in the field of education, i it was introduced by the Technology Enhanced Learning community by Prensky [23] . Part of entertainment education, the GBL model, at the end, aims to make learning enjoyable [24] . Different game types can be included, such as: board-, card-, digital-, Exer-games. Furthermore, well-designed GBL applications can be more appealing to the user by involving virtual environments. On the other hand, in an effective GBL environment, the main goal is to experience the consequences of the actions and choices done by the user. Actually, making mistakes through experimentation, allows for active learning and practicing behaviors that can help to their adoption from the gamified environment to real life [25] .
In fact, the GBL design model has been adopted in different contexts. For instance, an EU Lifelong Learning Programme, adopted the GBL for Older Adults (gambaloa project), to gain insights into how to effectively use games with older learners. This was placed within formal, non-formal and informal settings, including undergraduate and postgraduate programmes in higher education and in adult learning institutions. The target population was primarily older learners aged 50 years and above, but also younger learners (aged 25 years and over), so the lessons could be learnt and applied more universally [26] .
More recently, a GBL platform for vocational education and training was proposed by Kotsifakos et al. [27] . The authors tried to surpass the traditional teaching methods by designing a process, which spurs GBL. In addition, Mavroudi et al. [28] presented a GBL design pattern for designing Internet-of-Things environments. Finally, Shi and Shih [29] presented macrodesign concepts related with important game-design factors (including game goals, game mechanism, game fantasy, game value, interaction, freedom, narrative, sensation, challenges, sociality, and mystery) to help people in designing and combining game elements. They define each factor and analyze the relationships among 11 factors to construct a GBL design model. For that purpose, two application examples were analyzed to verify the usability of the model and the performance of these factors. They concluded that the GBL design model can assist educational game designers in developing interesting games [29] .
C. Research Questions
Taking into account the aforementioned, the GBL design is adopted here and its main game-design parameters are combined in a test case of Exergames design, drawn from the i-PROGNOSIS PGS framework. In this vein, the following research questions (RQ1-RQ3) serve as a general guide for the present study:
• RQ1: What are the GBL-based relevant game design factors that would support the SGs design for PD patients? • RQ2: How the GBL framework could be adapted, in terms of efficiently predicting the transferability of the Exergames beneficial effect to real-life, addressing functional PD symptoms? • RQ3: What guidelines can be offered to game designers who intend to design Exergames in PD contexts?
II. METHODOLOGY
To address the three RQs described above a four-phase methodological plan was adopted and combined with the general design of the PGS framework. In particular:
Phase 1: SG scenarios, specially tailored to PD patients, were structured using the storyboard tool (www.storyboardthat.com/). The latter helped in the visualization (in a images sequence) of the main structural elements of the SG scenarios. This is a common technique in Human Computer and Interaction field and design to provide an idea about the system interfaces and contexts of use [30] . Analytical description of all storyboards can be found in [20] .
Phase 2: A detailed literature review regarding the GBL characteristics that could be used for the design attributes of the specific SGs was undertaken, leading to the work of Shi and Shih [29] ; from the latter, a selection of some from the 11 factors they propose was carried out, and the selected ones were used as the core elements to construct the game-design (see Section II.A).
Phase 3: A Web-survey was constructed (see Section II.B) that combined the outcomes from Phase 1 and 2, and disseminated to different potential stakeholders of the PGS (see Section II.D), transforming them to 'co-creators' of the whole design process. Their response formed the information database, from which Exergames-related data were further analyzed, as these are the focus of the present analysis (see Section II.C).
Phase 4: The selected data derived from Phase 3 were subjected to a linear regression analysis [33] (see Section II.E). From the latter, the contribution and significance of the used game-design factors of Phase 2 were estimated, informing the construction of a regression equation with the most significant ones. The latter sheds light upon the relation between these SG design factors within the GBL framework that have the capability to efficiently predict the transferability of the SG context to real-life scenarios. Apparently, this information, even at the design level, could be useful for the construction of the whole SG and guide its effectiveness as a potential means to reeducate, train and inform SG users.
A. GBL-based Selected Game-Design Factors
In general, SGs design factors are those aspects of a game that support learning and engagement based on established perspectives/theories (e.g., behaviorist, cognitive, constructivist, psychology, computer science). The main objectives of these factors are to support the learning activity within the game, encouraging the use of active learning and critical thinking [31] .
In order to enhance the SG design value, according to Phase 2, the GBL-based design model already validated in the literature review [29] was adopted. From this perspective, the SG design factors identified and selected here were: a) Game goals, b) Game rules and gameplay, c) Game plot/story, d) Game options, e) Levels of challenge, f) Game surprises, g) Game causalities, and h) Transfer into real life.
B. Web-Survey
For the realization of Phase 3, a Web-survey was constructed and reviewed by experts in the field, in order to minimize the redundancy and optimize the information acquisition within an adequate completion time. To identify the role of the eight factors selected in Phase 2, appropriate questions (18 in total) were formed and corresponded to the relevant factor. A 5-point Likert-type scale was used, where 5 indicated strongly agree and 1 indicated strongly disagree. The Web-survey was organized as follows:
• Part I: After an introduction to i-PROGNOSIS PGS approach followed by some general instructions to the participant, Part I presents questions regarding responder's demographic information (e.g., age) and role (e.g., if s/he is PD patient, Healthcare professional with experience in PD patients, Researcher, Game designer/programmer, and Participant without PD).
• Part II: It includes general questions based on: a) the use of smart devices (e.g., smartphone, tablet, smart TV), b) the preferences of the user regarding the type of SGs (i.e., Exergames, DietaryGames, EmoGames, Handwriting games, Voice games) that could be more useful and its contribution (e.g., for prevention, mitigating PD symptoms, monitoring the health status, entertainment), and c) experience of the user in SGs.
• Part III: It presents a short video (1min) of the SG based on the storyboards of Phase 1, structured as a visualized and narrated screenshot sequence, per game-scenario. Then, a brief description for each of the eight factors, adapted to the characteristics of each game-scenario, is given, followed by the corresponding questions to capture the impact of the factor to the responder.
• Part IV: It includes additional (open) questions, for PD specialists only, so to connect the whole game with the PD-related symptoms.
The Web-survey was performed in Google Forms and is available at: https://docs.google.com/forms/d/e/1FAIpQLSd SnACwbzihzVcPBfF_8Shg2UrJ1wO2P7Yh0PtSXtHtz8kCw/v iewform. In general, it took around 40 minutes on average for each participant to complete the i-PROGNOSIS PGS questionnaire, including all its 14 game-scenarios.
C. The PGS Exergames Focus
It should be noted that, for the present analysis, only the first three game-scenarios (i.e., "Picking Citrus Fruit" game, "Fishing" game, "Kinematic Orchestra" game [20] ), that belong to Exergames category were considered; hence, only the relevant data were analyzed in Phase 4. This focus was motivated by the descriptive statistics of the question: "What type of serious games could be more useful?"-(included in Part II), which revealed that 75% of the participants consider the "Exergames" the more useful type of SGs, in comparison to other categories (i.e., DietaryGames, EmoGames, Handwriting games, and Voice Games). Taking into account the PD target symptoms (e.g., limited range of motion, balance and coordination issues, abnormal posture) and Exergames-related evidence based on SGs [19] , the Exergames proposed here aim to reach the main PD-related supportive goals, i.e., to help PD patients to sustain and/or improve their body balance, upper and lower limb strengthen, coordination, and posture aspects.
D. Participants
One hundred and four (݊ ൌ ͳͲͶ) volunteers-participants, with average age of 49.3 years ( ‫݀ݐݏ‪േ‬‬ ൌ ͳǤ͵ ‫ݏݎݕ‬ ; ܽ݃݁ ‫݁݃݊ܽݎ‬ ൌ ሾʹͳ െ ͺ͵ሿ ‫,)ݏݎݕ‬ completed the Web-survey, in an anonymous fashion. They belong in different categories (see Part I), i.e., PD patients ሺ݊ ଵ ൌ ͶͲǢ ݉݁ܽ݊ ܽ݃݁ േ ‫݀ݐݏ‬ ൌ ͷͳǤͻ േ ͳͷǤͻ ‫‪ሻǡ‬ݏݎݕ‬ Healthcare professionals with experience in PD patients ሺ݊ ଶ ൌ ͺǢ ݉݁ܽ݊ ܽ݃݁ േ ‫݀ݐݏ‬ ൌ ͷͲǤʹ േ ͳ ‫‪ሻǡ‬ݏݎݕ‬ Researchers ሺ݊ ଷ ൌ ͵ͷǢ ݉݁ܽ݊ ܽ݃݁ േ ‫݀ݐݏ‬ ൌ Ͷ േ ͳǤͳ ‫‪ሻǡ‬ݏݎݕ‬ Game designer/programmers ሺ݊ ସ ൌ ͳ͵Ǣ ݉݁ܽ݊ ܽ݃݁ േ ‫݀ݐݏ‬ ൌ ͶͺǤͶ േ ͳ ‫‪ሻǡ‬ݏݎݕ‬ and Participants without PD ሺ݊ ହ ൌ ͺǢ ݉݁ܽ݊ ܽ݃݁ േ ‫݀ݐݏ‬ ൌ ͶǤʹ േ ͳͷ ‫‪ሻ‬ݏݎݕ‬ . The 104 participants responded within the time frame from October 2017 to January 2018. The number of responders can be considered adequate, as, in the digital gaming research area involving older adults, few studies have included sample sizes greater than 100 participants [34] . Moreover, the variety in the responders' categories was grounded on the fact that, inclusion of different type of stakeholders in serious games design settings is extremely important [35] . The notion of 'co-creation' provides room for creative blending of opinions, ideas and experiences. For instance, game researchers can learn more about the relationships between game design elements and the resulting player experience, appreciating further the impact of games in general. Furthermore, researchers, as well as developers, can be informed from both successful and failed game concepts, adding further experience that may help them to improve in designing effective serious games [35] .
E. Regression Analysis
The data from Parts III and IV, related with the adapted GBL design model mentioned in Section II.A, were subjected to linear regression analysis [33] using IBM SPSS 20 (https://www.ibm.com/analytics/data-science/predictive-analyti cs/spss-statistical-software). The regression procedure is capable of fitting linear models and computing a variety of model fit statistics. It is considered one of the most widely used techniques for analyzing multifactor data and its usefulness results from the conceptually logical process of using an equation to express the relationship between a variable of interest (the response) and a set of related predictor variables [33] . Moreover, regression analysis is useful from the theoretical point of view, since it includes elegant underlying mathematics and well-developed statistical theory [33] . The regression analysis took into account all predictors, after preparing the data, accordingly, i.e., handling the outliers and adjusting the measurement level.
In the present study, the TransferRealLife variable was used as variable of interest (dependent/target variable) and the rest of the variables (17 in total), which relate with the selected eight factors (Section II.A), were used as independent variables. The selection of TransferRealLife as a target variable was based on the fact that it represents the potentiality of the game to assist the PD patients to apply previously acquired skills/knowledge from the game to real-life contexts and cope with the related PD symptoms (Section II.C).
III. RESULTS AND DISCUSSION
Non-parametric statistical analysis of the data from Part II pointed no statistically significant differences ሺ‫‬ ͲǤͲͷሻ amongst the participants' categories (Section II.D), in terms of the use of smart devices, SG type preference and experience in SG use. To this end, all data from Part III were handled as a unified dataset in the regression analysis (Section II.E).
A. RQ1-Related Results
The contribution of each of the 17 variables associated with the eight game-design factors of the adapted GBL-model to the prediction of the TransferRealLife variable is depicted in Fig. 2 . From the latter it is clear that the most important variables that can be used for the prediction of the TransferRealLife variable are (in a decreasing order): the PlayClear (i.e., the gameplay is clear) and the SurprisesEnough (i.e., there are enough surprises in the game) (both >0.27), followed by the RulesClear (i.e., the game has clear rules) (>0.10), OptInteresting (i.e., the game options are interesting), PlotLogical (i.e., the game plot is logical), PlayLike (i.e., the responder likes the gameplay) (all >0.05), and CompleteChall (i.e., the responder can complete the game challenges), SBIconsF (i.e., adequate functionality of the icons of the Storyboard (Phase 1)), and OptEnough (i.e., the game has enough options) (>0.02). This is further visualized in Fig. 3 . On the contrary, the variables GoalsClear (i.e., the game has clear goals), Challenging (i.e., the game is challenging), GoalsUnderstand (i.e., the responder understands the game goals) and GoalsComplete (i.e., the responder can complete the game goals) are the less important ones (0.01). Analytic description of the variable importance analysis statistics is tabulated in Table I , confirming the four variables that are the most significant ones.
The importance analysis results denote that from the eight SG game-design factors (Section II.A) related with the 18 Websurvey variables, the most crucial from the seven ones that maximize the eighth, i.e., transferability of game knowledge to real-life context, are the clear gameplay and game rules (second), the interesting game options (fourth) and the game surprises (sixth). These could be further supported by the game plot/story (third), the levels of challenges (fifth) and game causalities (seventh). This SG design factor contribution further refines the selection of the GBL-based factors derived from the literature review analysis and critical thinking (Section II.A). The interdependence of these factors is revealed via the regression performance, discussed in the succeeding section.
B. RQ2-Related Results
The predictive performance of the regression analysis is validated via the prediction residuals. The latter are displayed in a bilateral way in Fig. 4 . In particular, in Fig. 4(a) , the distribution of the Studentized residuals of the prediction of the TransferRealLife variable along with the overlaid normal distribution (solid line) are depicted. Moreover, Fig. 4(b) shows the observed cumulative probabilities of the Studentized residuals of the prediction of the TransferRealLife variable versus the expected ones (circles); note that the diagonal line represents the normal distribution (solid line). From Fig. 3 it is clear that the adopted regression analysis exhibits a reliable performance, as normality of the residuals is an assumption of running a linear regression model; hence, as the estimated residuals are normal ሺ݉݁ܽ݊ ൌ ͲǤͲ and ‫݀ݐݏ‬ ൌ ͳǤͲͳʹሻ , this normality assumption is valid and the model inference (confidence intervals, model predictions) are also valid. Fig. 3) . Consequently, the latter could be formed as follows:
where ߝ (epsilon) is a random zero-mean error component, which measures how far above or below the true regression line (i.e., the line of means) the actual observation lies. Table I ).
From (1) 
C. RQ3-Related Results
Combining the aforementioned results that relate with RQ1 and RQ2, some recommendations to PD-related SGs designers (addressing RQ3) could be provided. In fact, it is important to be understood that not all GBL-based game-design factors affect in the same way the transferability of the PD-related game experience to a real-life context. Apparently, the gameplay and its clear definition seem to be significant in the PD-related SG design. In this context, it is noteworthy that when players are asked to describe and judge a game, they sometimes analyze "what the game is about", putting in forehand the game context. In such cases, the focus is on "what you have to do", that is, what are the goals of the game; hence, functional aspects of the context are more important than the aesthetic ones. Usually, however, the factor of "what you can do" that is, the gameplay of the game, is the focus. There, the context and most probably the very same goals of the game are neglected, putting the gameplay of winning in the foreground, and using it as a main factor when it comes to judging a game. Even more, based on players' opinions, non-functional aspects of the design cannot balance the existence of flaws in game functional elements, since the motivation cannot be sustained by a very good game context if gameplay activities are ill-designed [36] . These observations underline the relevance of the gameplay in the design of a SG, setting it as the most important game design cornerstone.
Moreover, the number of surprises in the game should be considered; they should be enough for triggering the user's engagement in the game, influencing, thus, the way game interactions (e.g., balanced body movements, body reaction time) are transformed to everyday behaviors, when coping with the PD symptoms (e.g., rigidity, limited range of motion, balance and coordination issues, abnormal posture). In fact, within the GBL context, the generation of manageable cognitive conflicts by introducing surprises can stimulate players to engage in relevant processes, such as organizing and integrating knowledge, that foster learning and behavioral change without jeopardizing the motivational appeal of the game [37] . Surprise, actually, acts as a disruption of an active expectation and involves an emotional reaction, simultaneously serving a cognitive goal, as it directs attention to explain why the surprise occurred and can play a key role in learning [38] , re-educating, training and informing PD patients.
D. Implications, Limitations and Future Work
SGs need to merge different aspects to support end-users in reaching the desired positive effects. Usually, for designers, developers, researchers, and other stakeholders it is not straightforward how to organize the design and development process, to make sure that these different aspects are properly addressed [39] . From this perspective, the results obtained in the present study will have practical and direct implications on the design and development (a posteriori) phases of the explored Exergames. In particular, PGS game developers will consider the most important factors identified in the present study and use them to re-adjust the designing of the games (if needed), serving, as well, as inputs to the developmental phase of the games, in order to increase the quality of the SGs and to reach the desired positive effects to PD patients.
It should be noted that effective SG combines both sound instructional design and entertainment.. This conclusion complies with existing theoretical approaches on SGs, such as the utility of endogeny (i.e., typing game interactions to learning content [40] ), the benefits of curiosity and exploration of game content [41] , and the overall motivational benefits of gameplay [42] . It is the great paradox of SGs that these games are simultaneously praised for their learning benefits, but reduced in "game-ness", in order to appear more valid [43] . Apparently, 'play' enhances SGs, as play interactions are the defining features separating SGs from simulations [44] . From the limitations point of view, expansion of the analysis domain could be aimed, i.e., different set of variables and/or predictor could be tested and added to the SGs, including different theoretical support/approaches. For example, the useful information about the relationships between constructs revealed by the linear regression analysis can be accompanied by a simultaneous examination of entire model subsets using techniques, such as structural equation modeling; this may provide more insight about the model appropriateness. Moreover, the latter could be combined with evaluation of the development of the SGs using the Technology Acceptance Model (TAM) [45] , providing, thus, a holistic approach in the SGs design and evaluation, for maximizing the benefit to and acceptability from PD patients.
Ongoing work includes the analysis of the Web-survey data from the rest of the i-PROGNOSIS PGS games (i.e., DietaryGames, EmoGames, and Handwriting/Voice Games), in order to identify the most significant game-design parameters in different context of gaming. In this way, a new model across the games of the i-PROGNOSIS PGS can be formed, setting a quite macroscopic level of analysis, in efficiently predicting the transferability of the PD-related games to the real-life context. In this endeavor, the notion of co-creation in the SGs design is supported via the collection of feedback and suggestions from PD patients' and medical experts (by using interviews). Finally, during the developmental phase of the i-PROGNOSIS PGS, a seamless integration of the artificial intelligence concept within the SGs will be attempted, including adaptation algorithms. The latter affect the game evolution and levels of difficulty adopting a personalized approach to PD patient's needs, fostering further social engagement.
IV. CONCLUSIONS
The design elements in assistive SGs for PD patients were explored here. The GBL design framework was adopted and its main game-design parameters were combined in a test case of Exergames design, drawn from the i-PROGNOSIS PGS, incorporating data from a relevant Web-survey. By using linear regression data analysis, an adapted GBL framework was identified, including the most significant game-design factors, which efficiently predict the transferability of the Exergames beneficial effect to real-life context. The findings reported here can be used as a roadmap for game designers during the designing process of Exergames for PD patients. In this way, by placing the focus on the most significant game-design factors, a contribution to positively affecting the PD patients' quality of everyday life via the interaction with SGs could be scaffolded. 
